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(54) Title; EMULSIFIED FUEL AND ONE METHOD FOR PREPARING SAME 

(54) litre: COMBUSTIBLE EMULSIONNE ET L'UN DE SES PROCEDES D'OBTENTTON 

(57) Abstract 



Novel fuels consisting of emulsions of water in hydrocarbons (e.g. diesel fuel) are disclosed. The underlying problem is that of 
providing fuels (e.g. for engines) consisting of stable, non-polluting, low-cost waterihydrocarbon emulsions. The solution provided consists 
of an emulsion of water in at least one hydrocarbon, said emulsion including a surfactant system that essentially comprises a sorbitan 
sesquioleate (I), a polyethylene glycol monooleate (H) and a nonylphenol e&oxylate (HI), characterised in mat the average droplet size of 
the aqueous dispersed phase is no higher man 1 pm, with a standard deviation of 1 pm, and in mat the emulsifying system composition is 
£11:111 3:2:1 parts by weight The surfactant system has an HLB from 6 to 8. A method for preparing said emulsions is also disclosed. 
The fuels may be used as diesel oil, petrol, kerosene or fuel oil optionally emulsified with water. 

(57)Abreg! 

La presents invention concerne des nouveaux combustibles constitaes par des Emulsions d'eau dans des hydrocarbures (gazole eg.). 
La probtematique sous-tendant ['invention est la foumiture de combustibles (e.g. carburants) formes par des emulsions eau/kydrocarbures 
stables non polluants et eccmomiques. La solution proposee consiste en une Emulsion d'eau dans au moins un hydrocarbure, ladite emulsion 
coniprenant un systeme tensioactif comportant essentiellement un sesquioleate de sorbitan (I), un monooleate de poly^thyleneglycol (H) t 
un etboxylate de nonylphenol (HI), caracterisee en ce que la taille moyenne des gouttelettes de phase disperses aqueuse est hrfcrieure ou 
egale a 1 /tm, avec un ecart type de 1 nm, et en ce que la composition de systeme dmulsifiant est la suivante, I : H : HI — ► 3 : 2: 1 
parties en poids, Le systeme tensioactif pr&ente une HLB comprise entre 6 et 8. L'invention a egalement pour objet un proc&te permettant 
d'obtenir ces emulsions. Application: gazoles, essences, kerosenes, mazouts, fuels emulsionnes avec de l'eau. 
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Society i Responsabilite Limitee: ECOTEC FRANCE 
EMULSIFIED FUEL AND ONE METHOD FOR PREPARING SAME 

ABSTRACT: 

The present invention relates to novel fuels consisting of emulsions of water in 
hydrocarbons (e.g. diesel fuel). 

The problem underlying the invention is the provision of fuels (e.g. engine fuels) 
consisting of stable, non-polluting and economical water/hydrocarbon emulsions.. 
The proposed solution consists of an emulsion of water in at least one hydrocarbon, 
said emulsion comprising a surfactant system containing essentially: a sorbitan ses- 
quioleate (I), a polyethylene glycol monooleate (II) and a nonylphenol ethoxylate 
(III), characterized in that the mean size of the droplets of aqueous disperse phase 
is less than or equal to 1 ]Ltm, with a standard deviation of 1 Jim, and in that the 
composition of the emulsifying system is as follows: LILHI — > 3:2:1 parts by 
weight. 

The surfactant system has an HLB of between 6 and 8, 
The invention further relates to a method of preparing these emulsions. 
Application: diesel fuels, petrols, kerosenes, heating oils and fuel oils emulsified 
with water. 
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EMULSIFIED FUEL AND ONE METHOD FOR PREPARING SAME 
TECHNICAL FIELD: 

5 The field of the present invention is that of fuel compositions and 

particularly fuels intended for use in heat engines. More precisely, the fuels 
envisaged within the framework of the invention contain predominantly liquid 
hydrocarbons and especially: 

-those of mineral origin, such as petroleum derivatives of the types 
10 comprising petrols, diesel fuels, kerosenes and heating oils, and/or such as those 
derived from coal or gas (synthetic engine fuels); 

- those of vegetable origin, such as esterified or non-esterified vegetable oils; 

- and mixtures thereof. 

The present invention relates more specifically to novel fuel compositions 
15 consisting of emulsions of water in at least one hydrocarbon and generally in a 
mixture of hydrocarbons, for example the mixture of which diesel fuel is composed. 
The present disclosure will therefore deal with stabilized water/hydrocarbon 
emulsions comprising surfactants capable of emulsifying and of stabilizing such 
emulsions. 

20 The present invention further relates to a method of preparing emulsified 

water/hydrocarbonfuels (e.g. engine ftiels) combined with one or more surfactants. 

PRIOR ART: 

25 The present invention comes within the field, which has long been 

fashionable, of developing fijel compositions, especially engine fuel compositions, 
comprising substitute products for petroleum derivatives, with the aim of reducing 
costs and limiting pollution. 

Water was very quickly found to be a valuable additive or partial substitute 

30 for petrol or diesel fiiel Water is in fact an inexpensive and non-toxic liquid which 
has proved capable of reducing fuel consumption and the emission of visible or 
invisible pollutants. 

Despite all these assumed advantages, no water/hydrocarbon engine fuel has 
yet been used industrially, on a large scale, in concrete applications because of 

35 prohibitive difficulties with their processing and use. 
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According to a first approach, it has been envisaged to make provision- for 
storing water and fuel separately on the vehicle and mixing them at the time of use. 
This approach requires the installation, on board the vehicle, of a complex and 
sophisticated device for carrying out specific mixing and metering operations. The 
5 cost, bulk and delicacy of such devices have proved totally dissuasive in the 
development of this approach. 

The second ponderable approach consists in using ready-made mixtures of 
water and fuel, but this did not reckon with the considerable problems of the 
storage stability of such mixtures at temperatures ranging from -20°C to «70°C, and 

10 of the stability of the emulsion in a tank under use conditions. 

Thus there are many unfruitful technical proposals which aimed, in vain, to 
provide emulsified engine fuels comprising water and, more generally, novel non- 
polluting engine fuels resulting in low consumption. 

As an illustration of one such prior art, there may be mentioned French- 

15 patent application no. 2 470153, which discloses an emulsified engine fuel 
comprising hydrocarbons, water, an alcohol (methanol, ethanol) and an emulsifying 
system formed of sorbitan monooleate and ethoxylated nonylphenol The 
concentration of the emulsifying system in the emulsion is between 3 and 10% by 
volume. The essential presence of alcohol in tins emulsion constitutes an extremely 

20 penalizing factor, especially as regards the economics and the engine performance 
characteristics capable of being obtained with this emulsion. Moreover, it should be 
noted that the stability of this water^cohol/hydrocarbon emulsion leaves 
something to be desired. In fact, after the emulsion lias been stored for 72 hours, 
which corresponds to a realistic period of non-use of a vehicle, running on this fuel, 

25 there is an incipient phase separation (dephasing/dembdng) between the hydro- 
carbons and the aqueous-alcoholic mixture. The hydrocarbons dephased (separated 
but) at the end of this time can represent up to 3% by volume of the emulsion. It is 
easy to imagine that, after a few days' storage, the dephasing of this emulsion 
according to patent application no. 2 470 153 is sufficient to prohibit the running of 

30 the vehicle under normal conditions of application. 

US patent no. 4 877 414 has further disclosed an emulsified engine 'fuel 
containing a number of additives, including an emulsifying system formed of 
sorbitan sesquioleate, sorbitan monooleate and the polyoxyefhyiene ether (6 EO) of 
dodecyl alcohol. Preferably, according to said patent, the total concentration of all 
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the additives is about 2.1%. The other additives which can be employed apart from 
the emulsifying system are a mono-a-olefin (1-decene), methoxymethanol, toluene, 
an alkylbenzene and calcium hydroxide. This formulation is extremely complex, if 
only for the number of additives employed. It is also relatively expensive. Finally, 
5 the emulsified fuel according to said patent again suffers from a lack of stability, 
particularly at low temperature. The Applicant was moreover able to demonstrate 
this clearly by reproducing the preferred embodiment of the emulsified fiiel 
according to said US patent. It was found that the emulsion separates (dephases) in 
one hour. The phenomenon is further exacerbated at low temperatures below 5°C. 

.10 It is therefore hardly imaginable what might happen in vehicle tanks containing this 
emulsion when placed under real winter use conditions. 

The abstract of Japanese patent no. 77-69.909, given in Chemical Abstract 
87 : 138 513 x, relates to an emulsified engine fuel (kerosene/water) comprising 
soxbitan sesquioleate and the polyethylene glycol ether of nonylphenol as 

15 emulsifiers. - The size of the droplets of aqueous disperse phase is <20 \i with a 
mean value of the order of 10 |L. Tlfis technical proposal is again incapable of 
suitably satisfying the objectives of physicochemical stability, limitation of pollution, • 
cost reduction and reduction of fuel consumption. This technical teaching can 
therefore provide no help for those skilled in the art working in the prospective field 

20 of the invention. . 

Another Chemical Abstract, no. 101: 57 568 z, summarizing Brazilian 
patent no. 82 4 947, relates to an emulsified fuel comprising hydrocarbons 
consisting of extremely viscous and heavy petroleum derivatives, water, ethanol and 
an emulsifier consisting of ethoxylated nonylphenol. This emulsified fiiel is intended 

•25 for use in conventional furnaces and heating oil burners. This fuel cannot meet the 
expected performance specifications of combustion, limitation of pollutants and low 
consumption. Moreover, the physicochemical stability of this emulsion is poor. 

PCT international patent application WO-93/18117, in the name of the 
Applicant, describes emulsified fuels which the present invention proposes to 

30 improve. - 

These emulsified fuels, which can be engine fuels, comprise specific amounts 
of hydrocarbons and a minor amount of a group of additives, including especially an 
emulsifying system comprising sotbitan oleate, polyalkylene glycol and alkylphenol 
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ethoxylate. The disperse phase of these emulsified fuels consists of water present in a 
proportion of 5 to 35% by weight, while the additives are present in a proportion of 0.1 
to 1 .5% by weight. 

The concentration ranges (in % by weight) of sorbitan oleate, polyalkylene glycol 
5 and alkylphenol ethoxylate are respectively 0.20 - 0.26/0.20 - 0.25/0.20 - 0.27. The 
entire patent application states that these three principal additives are used in equal 
amounts: 1/1/1. 

The performance characteristics of these known emulsified fuels, in terms of 
stability, reduction of visible and invisible pollutants, reduction of consumption and cost 
10 reduction, are totally capable of improvement In particular, research and development 
on these emulsified engine fuels has made it possible to show that improvements in 
terms of the cost and stability of the emulsion are desirable, especially under real use 
conditions in a vehicle. 

It is an object of the present invention to overcome or ameliorate at least some of 
15 the problems associated with the prior art 



••••• 



••• 



BRIEF DISCLOSURE OF THE INVENTION: 

It follows from this that the present invention relates to an improved emulsified 
20 fuel consisting of an emulsion of water in at least one hydrocarbon, said fuel being 
characterized in that: 

-►this emulsion contains an emulsifying system comprising: 
A (I) at least one sorbitol ester of the general formula 
X X v 
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-CH CH 2 -X (I) or 

I 

X 



w 

Is, CF 



H 



X 

CH- 



-CH-CH 2 -X (V) 
I 

X 



in which: 

- the radicals X are identical to or different from one another and are each 
OH or R'COO-, where R 1 is a linear or branched, saturated or 



hydroxyls and having from 7 to 22 carbon atoms, R l preferably being a 
fatty acid residue without a terminal carboxyl, 
this ester (I) having an HLB of between 1 and 9; 
(II) at least one fatty acid ester of the general formula 
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R — C 0-(R 0)^R (H) 

II 
0 



inwluch: 

. r 2 is a linear or branched, saturated or unsaturated, aliphatic 
5 hydrocarbon radical optionally substituted by hydroxyl groups and 

having from 7 to 22 carbon atoms, R 2 preferably being a fatty acid 
residue without a terminal carboxyl, 

- R 3 being a linear or branched Ci-Cio alkylene, preferably QrC 3 

alkylene, 

10 - n is an integer greater than or equal to 6 and preferably between 6 

and 30, and 

- R* is H, linear or branched C r Cio alkyl or 

O 
II 



15 



20 



25 



-C-R s 



where R 5 is as defined above for R 2 , 



this ester (II) preferably having an HLB greater than or equal to 9; 
A (mfal least one polyalkoxylated alkylphenol of the general formula 

R 6 -^Oy-0-tR 7 -O^R 8 



in which: 

- R 6 is a linear or branched CrC» alkyl, preferably C-C20 alkyl, 

- m is an integer greater than or equal to 8 and preferably between 8 
and 15, and 

- R 7 and R 8 are respectively as defined above for R and R of formula 
(H)» 

this ester (ED) preferably having an HLB of between 10 and 15; 
this emulsifying system, has an overall HLB of between 6 and 8, 



30 -> 

preferably of between 6.5 and 7.5 
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-►and the emulsion is prepared in such a way that the mean size of the droplets 
of aqueous disperse phase is less than or equal to 3 jim, preferably 2 and particularly 
preferably 1 jim a with a standard deviation of less than 1 [im, 

Unless the context clearly requires otherwise, throughout the description and the 
5 claims, the words 'comprise', 'comprising', and the like are to be construed in an 

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense 
of "including, but not limited to". 

These advantageous and innovative characteristics relating to: 

- the dimensional profile of the droplets of aqueous phase 
10 - and the inventive choice of an appropriate composition for the emulsifying 

system 

are very clearly differentiated from the invention according to WO 93 18 117, which is 
improved by the present invention. 

The improved emulsified engine fuels possessing these characteristics benefit 
1 5 from a high storage stability over long periods of time. They do not dephase (undergo 
phase separation), either in tanks or in the various elements making up the feed circuits 
of devices capable of acting as seats of combustion, namely internal combustion engines, 
burners, etc. 

The emulsion according to the invention remains perfectly homogeneous, so the 
20 risks of unwanted conditions in the combustion devices are extremely limited. This 
absence of dephasing (phase separation) and coalescence, whether by gravity or by any 
other separation means (filtration, centrifugal effect, etc.), constitutes a major technical 
advance which enables serious industrial and commercial applications to be envisaged in 
concrete terms. 

25 These are real improvements compared with the emulsified engine fuel according 

to WO 93 18 117. 

In terms of the present invention, the stability of the emulsion is understood as 
meaning the maintenance of the emulsion in its initial, homogeneous physico-chemical 
state (no dephasing, no coalescence of the droplets of disperse phase) during storage for 
30 at least 3 months at room temperature. 
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Furthermore, the emulsified fuels according to the invention simultaneously 
bring extremely valuable and satisfactory performance characteristics as regards die 
reduction of polluting emissions and consumption and achieve this at a reasonable cost 
price. 

It should be noted that these acquisitions have not been obtained to the detriment 
of the combustion performance characteristics (high-level thermal and 
thermomechanical efficiency). . ■ 
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Also, the absence of large droplets makes it possible to minimize the 
problems of clogging, pressure loss and/or water separation in the filtering means 
such as those which can be found in feed circuits for emulsified fuel. Moreover, 
these problems are exacerbated under conditions of intense cold, causing the 
5 droplets of aqueous phase to freeze; this results in the formation of beads, which 
have a greater capacity to clog than liquid droplets. The damage caused by freezing 
of the droplets can be minimized by the addition of antifreezes. 

Tbring the mean diameter of the droplets of aqueous phase at 3 Jim, 
preferably 1 \xm and particularly preferably 1 pm, with a maximum standard 

10 deviation of 1 |im, appears to be one of the determining factors in guaranteeing the 
stability of the emulsion and particularly the limitation of coalescence and dephasing 
phenomena. According to the invention, provision is therefore made for a « mono- 
disperse » particle size profile around 1 fim in practice (cf. curve of JFigure 5). This 
means that the population of droplets is homogeneous in size, the latter additionally 

1 5 being sufficiently small to be a contributing factor to the stability. 

In terms of the present invention, the abbreviation HLB denotes "Hydro- 
phile-LipopWle-Balance". This is a well-known parameter for characterizing 
emulsifiers. The reference work in the field of emulsions, namely: "EMULSIONS: 
THEORY AND PRACTICE. Paul BECHER - REENHOLD Publishing Corp. - 

20 ACS Monograph - ed. 1965", gives a detailed definition of HLB in the chapter "The 
chemistry of emulsifying agents" - p. 232 et seq. This definition is incorporated in 
the present disclosure by way of reference. 



DETAILED DISCLOSURE OF THE IfTVENTION: 

25 

The qualitative and quantitative composition of the emulsifying system is 
also an essential feature of the invention, which contributes to the results obtained, 
especially as regards the stability. 

Advantageously the emulsion comprises at least 5% by weight of water and 
30 the concentration of the emulsifying system relative to the total weight of the fuel is 
less than or equal to 3% by weight, preferably less than or equal to 2% by weight. 

In a preferred embodiment of the invention, the emulsifying system 
comprises the 3 compounds (I), (II) and (III) in the following proportions: 

(I) from 2.5 to 3,5 parts by weight, preferably 3 parts by weight, 
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(IT) from 1 .5 to 2.5 parts by weight, preferably 1 .5 to 2 parts by weight, 

(ED) from 0.5 to 1.9 parts by weight, preferably 0.5 to 1.5 parts by weight. 

The fatty acid ester of sorbitan (I) preferably consists essentially of one or 
more d 8 sorbitan oleates optionally associated with one or more Qs (Iinoleic, 
5 stearic) and Ci6 (palmitic) fatty acid esters. Of course, the ester (J) is not limited to 
the fatty add monoesters of soibhan but also covers the diesters and/or triesters and 
mixtures thereof. Whatever the case may be, one of the selection criteria for this 
ester (T) is advantageously that it belongs to the HLB range between 1 and 9, which 
gives it a marked lipophilic tendency. The more particularly preferred HLB for the 
10 ester (I) is between 2.5 and 5.5. 

In practice, preference is therefore given to mixtures of esters consisting 
essentially of sorbitan oleates and, in smaller amounts, sorbitan palmitate, stearate 
and lindleate. Thus one possible example is sorbitan sesquioleate of the type 
marketed under the trade mark SPAN 83* or ARLACEL 83* (TO). 
15 Other examples of sorbitan esters (I) which may be mentioned are sorbitan 

laurates of the type marketed under the trade mark SPAN 20* or ARLACEL 20* 
(ICQ or ALKAMULS SML (RHONE POULENC) and sorbitan stearates of the 
type marketed under the trade mark ARLACEL 60* (ICI) or ALKAMULS SMS 
(RHONE POULENC), although this is not an exhaustive list. 
20 It is self-evident that, in terms of the present invention, the esters (I) also 

cover all the analogs and derivatives of fatty acid esters of sorbitan. . 

As far as the compound (II) is concerned, this is selected from polyalkylene 
glycol and preferably polyethylene glycol (PEG) oleates and/or stearates and/or 
ricinoleates, preferably from those in which the PEG has a molecular weight less 
25 than or equal to 450, preferably of the order of 300. 

Thus one possible example is PEG 300 monooleate of the type marketed 
under the trade mark HLOL 163* (UNION DERIVAN SA) or EMULSOGEN A* 
(HOECHST). Other examples of compounds (IT) which may be mentioned are 
PEG 400 monooleate of the type marketed under the trade mark SECOSTER MO 
30 400 (STEPAN) or REMCOPAL (CECA), stearic acid ethoxylated with 8 ethoxy 
units (= PEG 350 stearate) of the type marketed under the trade mark SIMULSOL 
M45* (SEPPIC) or MYRJ 45* (ICI) and PEG ricinoleate of the type marketed 
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under the trade mark CEREX EL 4929* (AUSCHEM SpA) or MAKLOSOL R70* 
(HOLS AG, STEP AN). 

The alkylphenol alkoxylate (HI) is preferably selected from polyethoxylated 
nonylphenols and/or octylphenols, polyethoxylated nonylphenols being particularly 
5 preferred. 

In practice, it is e.g. nonylphendl ethoxylate. It can advantageously be 
replaced or associated with one or more other alkylphenol alkoxylates. Thus it is 
advantageous to select the alkylphenol alkoxylates (HI) in which the alkyl radical 
substituting the phenol contains about 1 to 20 carbon atoms, preferably 5 to 20 
10 carbon atoms. Moreover, it is also preferable to select the alkylphenol alkoxylates 
(e.g. ethoxylate) in which the alkoxy chain contains preferably from 8 to 20 and 
particularly preferably from 8 to 15 alkylene oxide (e.g. ethylene oxide) groups per 
molecule. 

In practice, preference is thus given to the polyethoxylated nonylphenol 

15 C9Hi9-C6H4-(OCH 2 CH2VOH where 8 < m < 15. In fact, it appears to be essential, 
within the framework of the invention, to use polyethoxylated nonylphenols which 
are characterized not only by their hydrophilic character but also by cloud points 
above 30°C, as defined in terms of the standard DIN 53917 using a 1% by weight 
aqueous sdlutioa A combination of these characteristics has in fact made it 

20 possible not only to obtain high-performance emulsifying systems for the 
preparation of a water/fuel emulsion in terms of the invention, but also to obtain 
totally remarkable temperature resistance properties capable of stabilizing this 
emulsion over a wide temperature range. 

Other examples of compounds (HQ which may be mentioned are poly- 

25 ethoxylated octylphenols, particularly those marketed under the trade mark 
OCTAROX* (SEPPIC) or SINNOPAL OP tt * (SIDOBRE-SINNOVA). 

In one preferred variant of the invention, the compound QJS) of the 
emulsifying system is a mixture of polyethoxylated nonylphenols, preferably of two 
polyethoxylated nonylphenols having 9 and 12 ethylene oxide residues respectively. 

30 Without implying a limitation, the fuels to which the present invention 

relates more specifically are those in which the hydrocarbon or mixture of 
hydrocarbons forming part of their constitution is selected from the following group 
of products: diesel fuels, petrols, kerosenes, heating oils, synthetic engine fuels, 
esterified or non-esterified vegetable oils, and mixtures thereof. 

35 Even more preferably, the present invention relates to the particular group 

of fuels comprising the engine fuels (diesel fuels, petrols, kerosenes, synthetic 
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engine fuels, esterified or non-esterified vegetable or animal oils) which are 
employed as fuels in internal combustion engines or heat engines. 

Apart from the hydrocarbons, the water and the emulsifying system, a . 
number of products serving a variety of purposes can be added to the engine fuel or 
5 other fuel according to the invention. 

In this context, one of the major advantages of the hydrocarbon/water 
emulsions according to the present invention is that they offer two different types of 
carrier for the additives, namely- a lipophilic carrier consisting of the hydrocarbon 
continuous phase and a hydrophilic carrier consisting of the aqueous phase. This 

10 considerably widens the possibilities for introducing active additive compounds. In 
fact, previously only oil-soluble compounds could easily be incorporated into engine 
fuels and other fuels. This constraint is now eliminated by means of the present 
invention, especially as the number of products soluble in water is very much 
greater than the number of products soluble in fuels in terms of the invention. 

15 Thus it can be envisaged, according to the invention, to give the emulsified 

engine fuel or other fuel an octane-improving function by using additives which are 
soluble or miscible in water or in hydrocarbons. These additives can therefore 
consist of one or more octane-improving products preferably selected from 
peroxides and/or nitrates and mixtures thereof Alkyl nitrates are examples of 

20 cetane improvers which can1>e incorporated into the emulsion via the hydrocarbon 
phase. Nitrate salts are the hydrophilic counterparts of alkyl nitrates. Their salt 
character enables them to be carried by the aqueous phase. 

A soot inhibiting function is another function which the emulsified fuels of 
the invention can be given. The promoters of said function are advantageously 

25 additives consisting of at least one metal or alkaline earth metal catalyst and capable 
of favoring the postcombustion reaction of soots, said catalyst preferably being 
based on magnesium, calcium, barium, cerium, copper, iron or a mixture thereof. 
These catalytic promoters of soot destruction are all the easier to introduce because 
they are generally compounds whose salts are water-soluble, making them 

30 compatible with the aqueous phase of the emulsions according to the invention. 
The same does not apply to the conventional fuels of the prior art, which consist 
exclusively of hydrophobic hydrocarbons. 



12 



In one variant of the invention, it can be advantageous to confer biocidal or 
even bactericidal properties on the emulsified fuels. The latter can therefore 
optionally comprise at least one biocide, preferably bactericide. 

A detergent function can also prove valuable for the emulsions according to 
5 the invention. It is therefore appropriate to envisage the case where said emulsions 
comprise one or more detergents or detergent additives. 

A nitrogen oxide (NO x ) "inhibiting function, which can be provided by 
ammoniated compounds (of the urea or aqueous ammonia type), is also prized in 
fuels and more particularly engine fuels. 
10 An antifreeze function can also be added or emulsified fuel by means of 

antifreeze additives such as glycols or salt solutions. 

More precisely, a practical ©cample of the composition of an emulsified fuel 
according to the invention is given below: 

- hydrocarbons) 50 to 99%, preferably 65 to 99%, 
15 -water 0.1 to 50%, preferably 1 to 35%, 

- emulsifying system 0.05 to 5%, preferably 0. 1 to 3%, 

- additives 0.01 to 5%, preferably 0.05 to 2%. 
Furthermore, the present invention is perfectly in line with the current trend 

to use "green petrol" as a partial substitute for engine fuel, especially diesel. Thus it 
20 can advantageously be envisaged to incorporate at least one esterified or non- 
esterified vegetable or animal oil and/or at least one extract thereof; preferably at a 
rate of 1 to 60% by weight. 

Possible examples are esterified or non-esterified colza* soya or sunflower 
oils, which can be incorporated into the fuel composition in proportions of 5%, 
25 30% or even 50% by weight, for example. 

The present invention further relates to an additive composition for engine 
fuel, comprising essentially: 

- the emulsifying system described above 

-and optionally at least one other additive preferably selected from the 
30 products described below, namely: cetane improvers, catalytic promoters of soot 
combustion, bioddes, detergents, ammoniated compounds, antifreezes, esterified or 
non-esterified vegetable oils, and mixtures thereof. 

According to another of these aspects, the present invention relates to a 
method of preparing an emulsified fuel, characterized in that it consists essentially of 
35 .the following steps carried out in a simultaneous or non-simultaneous manner: 
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- a - taking at least one hydrocarbon, water and an emulsifying system 
comprising: 

A (I) at least one sorbitol ester of the general formula 



- the radicals X are identical to or different from one another and are 
each OH or K^COO-, where R 1 is a linear or branched, saturated or 
unsaturated, aliphatic hydrocarbon radical optionally substituted by 
hydroxyls and having from 7 to 22 carbon atoms, R 1 preferably being a 
fetty add residue without a terminal carboxyl, 
this ester (I) having an HLB of between 1 and 9; 
A (IT) at least one fetty acid ester of the general formula 



in which: 

- R 2 is a linear or branched, saturated or unsaturated, aliphatic hydro- 
carbon radical optionally substituted by hydroxyl groups and having 
from 7 to 22 carbon atoms, R 2 preferably being a fatty acid residue 
without a terminal carboxyl, 

- R 3 T?eing a linear or branched Ci-Cio alkylene, preferably C2-C3 
alkylene, 

- n is an integer greater than or equal to 6 and preferably between 6 and 
30, and 

- R 4 is H, linear or branched C1-C10 alkyl or 



X 




in which: 



R — C— 0-(R 3 OV-R 4 

II 
O 



(0) 
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where R 5 is as defined above for R 2 , 

this ester (IE) preferably having anHLB greater than or equal to 9; 
A (HI) and/or at least one polyalkoxylated alkylphenol of the general 
formula 




*— ( O >-o4Rt_oV R « 



in which: 

- R 6 is a linear or branched C1-C20 alkyl, preferably C5-C20 alkyl, 

10 - m is an integer greater than or equal to 8 and preferably between 8 and 

15, and 

- R 7 and R* are respectively defined as above for R 3 and R 4 of formula 

<n)> 

this ester (IB) preferably having an HLB of between 10 and 15, 
15 this emulsifying system having an HLB of between 6 and 8, preferably 

of between 6,5 and 7.5; 
A and optionally other additives; 

- b - mixing these constituents to form a water-in-oil emulsion; 

- c - and fractionating the emulsion to reduce the size of the droplets of 
20 aqueous disperse phase to a mean size less than or equal to 3 nm, preferably 2 |im 

and particularly preferably 1 \\m, with a standard deviation of less than 1 jim. 

The method according to the invention can therefore be summarized as the 
formation of an emulsion and the fractionation of this emulsion to reduce the size of 
the droplets of aqueous disperse phase until a monodisperse particle size of 1 |im is 
25 obtained and maintained, with a standard deviation of less than 1 |xm. 

The emulsification largely depends on the emulsifying system. The latter 
preferably has the following composition: 

(I) from 2.5 to 3.5 parts by weight, preferably 3 parts by weight, 
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QJ) from 1.5 to 2.5 parts by weight, preferably 1.5 to 2 parts by weight, 
(CD) from 0.5 to L9 parts by weight, preferably 0.5 to 1.5 parts by weight. 
The method according to the invention can be one of those which may be 
used to prepare the improved emulsified fuel (e.g. engine fuel) described above. It 
5 follows by extension that the characteristics and observations given in the above 
description in the context of the products used in the emulsion can be carried over 
in their entirety into this part of the disclosure relating to the method. 

The fractionation of the emulsion is a mechanical or theimomechanical 
treatment aimed at breaking the cohesive force between the droplets so as to 
10 promote their subdivision. The fractionating means which are preferably employed 
in step (c) are of the types comprising a static mixer, a centrifugal pump or other 
type of pump, a colloid mill or other type of mill, a rotary mixer, an ultrasonic mixer 
and other means of fragmenting one liquid in another, non-miscible liquid. 

In practice, static mixers can be used as fractionating means. These static 
15 mixers are devices through which the emulsion is passed at high speed and in which 
said emulsion experiences sudden changes in direction and/or In the diameter of the 
channels which make up the interior of the mixers. This results in a pressure loss, 
which is a factor in obtaining a correct emulsion in terms of fineness and stability. 

As other examples of means of manufacturing an emulsion, according to the 
20 intended scale of production, it is possible to use a rotary mixer of the type 
marketed under the trade mark IILTRA-TURRAX^ a high-pressure homogenizer 
of the type marketed by APV-BAKER, or any means known to those skilled in the 
art which affords an easy extrapolation of scale. 

In one variant of the method of the invention, the mixing/fractionating steps 
25 b and c are for example sequential, ie. the procedure consists in mixing the hydro- 
carbons), the emulsifying system and, if appropriate, the additives in a first stage, 
the premix being mixed and emulsified with the water in a second stage. 

In another variant of the method of the invention, provision is made for 
carrying out steps - a- to-c-ina continuous mode. 
•30 Steps - a - to - c - of the method according to the invention take place at 

room temperature, which is also the temperature of the fluids and raw materials 
used. 
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INDUSTRIAL APPLICATION: 

In view of these advantages in terms of stability, low polluting capacity, low 
consumption and price, the emulsified fuel according to the invention and/or 
5 obtained by the method according to the invention is destined for many industrial 
and commercial applications. 

The principal target sector, although this is not exclusive, is that of engine 
fuels and particularly diesel fuel. It should now therefore be possible to offer the 
owners of vehicles or other machines with a heat engine (e.g. diesel engine) 
10 emulsified fuels comprising from 5 to 15% by weight of water, without it being- 
necessary to modify the engine settings. 

Moreover, after a few relatively minor adaptations, the engines will be able 
to run efficiently, economically and with low pollution on emulsified fixels 
comprising from 35 to 45% by weight of water. 
15 This represents a considerable technical advance in the field of engine fiiels. 

Spin-ofis can also be expected in the field of fuels for heat machines such as 
boilers, furnaces, gas turbines, generators, etc. The fuel concerns can be heating oil 
in such cases. 

The present invention will be understood more clearly from the following 
20 Examples describing the preparation and the structural and functional characteri- 
zation of the emulsified engine fuels according to the invention, and from the 
comparative tests showing the superiority of the emulsions according to the 
invention over the nearest prior art. These Examples also highlight all the 
* advantages and variants of these hydrocarbon/water emulsions. 
25 The Examples areillustrated with the aid of Figures 1 to 4 attached. 

DESCRIPTION OF THE FIGURES: 

Figure 1 shows an optical micrograph, at a given magnification, of a 
30 water/cBesel fuel emulsion according to the invention, the size of the droplets of 
aqueous disperse pbasel^eing less than or equal to 1 pm. 

Figure 2 shows an optical micrograph, at the same magnification as that of 
Figure 1, of z water/dieseJ fuel emulsion according to the nearest prior art, the size 
of the droplets of aqueous disperse phase being greater than or equal to 10 |xm. 
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Figure S shows a diagram of an example of an emulsion fractionating device 
which can be used in the method according to the invention. 

Figure 4 shows a graph of an engine speed cycle (rpm) as a function of the 
time t (seconds), imposed on buses equipped with a diesel engine, for carrying out 
5 functional characterization tests on the emulsified engine fuels according to the 
invention and according to the prior art. (Example H) 

Figure 5 shows a graph of the mono disperse particle size distribution of an 
emulsified engine fuel according to the invention, in which the mean diameter d of 
the droplets of aqueous phase is plotted on the abscissa and AN/N is plotted on the 
10 ordinate, N being the total number of droplets and AN being the number of droplets 
of a given d . 

Figure 6 shows the cycles of variations in temperature and agitation which 
are applied to the summer formulation (Fig. 6.1) and winter formulation (Fig. 6.2) 
in order to determine their stability in use, 

15 

EXAMPLES 

EXAMPLE I: 

Using the above-mentioned method integrating steps a), b) and c), several 
20 emulsions were prepared with different compositions of the emulsifying system. 
For comparison purposes, the total amount of surfactants was kept constant at 
1.86% by weight, based on the total weight of the emulsion. The total amount of 
aqueous solution (water + optional water-soluble additives such as biocides or an 
antifreeze) is constant at 13% by weight in all the formulations. 
25 The standard formulation is given in detail in Table L 



Table 1: Formulation used for the Comparative Examples 



Compound 


Reference (supplier) 


Composition (% by 
weight) 


Cetane improver 


RV 100 (ELF ANTAR FRANCE) 


0.87 - 


Emulsifying system 


according to the Examples 


1.86 


Water 


according to the Examples 


13* 


Diesel fuel 


CECRF 0387 


84.27 


Biocide for diesel 
fuel 


EB 7301 (ELF ANTARTrRANCE) 


A** 


Biocide for water 


EB 301 W (ELF ANTAR FRANCE) 





* 10% by weight of MEG (monoethylene .glycol) is added to the water in the winter 
formulation. 
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** A: dose of 1 part per 1000, based on the volume of diesel fuel 
*** B: dose of 2 parts per 1000, based on the volume of water 

The compositions of the emulsifying systems tested are given in Table 2. In Table 
2, the compositions have been shown in the form of the, proportions by weight of 
each of the constituents of the emulsifying system, it being pointed out that said 
system represents 1.86% by weight of the final emulsion formulation. 

The following can be specified for the interpretation of Table 2: 

"^compositions A to P are the compositions of the invention, 
^composition G is the composition described in W093/18117, 

compositions H to L serve as Comparative Examples demonstrating the 
superiority of the compositions of the invention over those containing 
only two of the constituents or those whose HLB is outside the range 
claimed. 



-3 t-O v 
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Table 2: 



Composition 


A 


B 


C 


D 


£ 


F 


G 


H 


I 


J 


K 


L 


Surfactant 


























Sorbitan 
sesquioleate 


3 


3 




1.5 


1.5 


1.5 


1 








1.5 


1 


Sorbitan 
monooleate 






3 






1.5 




1.5 


1.5 


1.5 






Sorbitan laurate 








1 














1.5 




Sorbitan stearate 










1.5 
















PEG 300 














1 












PEG 300 
monooleate 


1 




2 


2 


2 


1 










2 


2 


PEG 600 
monooleate 
















1 










PEG 300 
ricinoleate 




2 








1 














Nonylphenol 
ethoxylated with 
9EO 


1 


1.5 


1 


1 


1 


1.5 


1 










3 


Nonylphenol 
ethoxylated with 
12 EO 


0.5 




0.5 












1 








Nonylphenol 
ethoxylated with 
30 EO 




















1 


1:5 




Octylphenol 
ethoxylated with 
9EO 










0.5 
















HLB of the 
8 emulsifying 
1 system 


7.5 


7.7 


7.6 


6.5 


7.8 


7.9 


8.2 


10.1 


8.1 


9.2 


9.6 


10.1 



The quality of the emulsion obtained is characterized by the criteria below. 



Particle size criterion 

This is established from the homogeneous -appearance of the water droplets 
dispersed in the diesel fuel continuous phase, with alow polydispersity and a mean 
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particle size of less than 1 (im, the standard deviation being less than 1 jim, 
established by image analysis from micrographs. 

Stability criterion 

5 This is a dual criterion and relates to the stability under use conditions (dynamic 
character) and the storage stability at different temperatures. 

Stability in use 

This is characterized by the absence of demixing/settling or other breaking of the 
1 0 emulsion observed on a 1-liter sample placed in a flat-bottomed glass vessel (of the 
beaker type) and subjected to a cycle simulating the changes in temperature of the 
engine fuel in a tank. Denibdng is said to take place when the volume of the 
supernatant, corresponding to a separation of the diesel fuel, is greater than 5% of 
the total volume of the sample, or when water appears at the bottom of the beaker. 

15 

The profile of the temperature variation cycle is illustrated for each formulation, 
« summer » and « winter », in Figure 6. It will be noted that the system must be 
agitated (gentle mechanical agitation, about 60 rpm) or at rest, depending on the 
phase of the cycle. Figure tf.rfllusttates the cycle for the summer formulation and 
20 Figure 6J2 illustrates the cycle for the winter formulation. 

Storage stability 

This is characterized by the absence of demixing/settling in 3 samples after 3 months 
of static storage in conical flasks placed at 0°C, 20°C and 40°C respectively. 
25 These criteria were applied to the formulations obtained from compositions A to L 
as described in Table 3.- The results are given in Table 3. A solution of methanol 
(MeOH) in water, or a solution of colza methyl ester (CMB) in diesel fuel, is also 
added to some of the formulations, the percentages in each case being expressed by 
volume relative to the volume of the total formulation. 
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The following abbreviations have been used in Table 3: 

h = hour 

d = day 

w = week 
5 m = month 

The storage stability is assessed by the length of time taken for the formulation to 
exhibit the phenomenon of demising. 

EXAMPLE Bt PREPARATION OF A DIESEL FUEL/WATER/ 
10 EMULSIFYING SYSTEM EMULSION (ACCORDING TO THE 
INVENTION AND ACCORDING TO THE NEAREST PRIOR ART) 

DLL EMULSION ACCORDING TO THE INVENTION (3:2:1 EMULSION) 
STEP -a- 

15 DLL 1 . The following starting materials are used to prepare 200 kg of emulsion: 

- 164 kg of diesel&el, 

- 4 kg of emulsifying system (ES), 

- 2 kg of an cetane improver of the alkyl nitrate type marketed under the 
reference CI 0801 by OCTEL, 

20 - 30 kg of mains water. 

II. 1 .2. Preparation of the emulsifying system: 

The 4 kg of emulsifying system are obtained by mixing the following for a few 
minutes in a propeller mixer rotating at a few hundred rpm: 

- 3 parts by weight, ie. 2 kg, of SQBBITHOM® S06 marketed by UNION 
25 DERIVAN SA, 

- 2 parts by weight, ie. 1.333 kg, of polyethylene glycol monooleate of 
trade mark TTLOL® 1 63 marketed by UNION DERIVAN S A, 

- 1 part by weight, i.e. 0.666 kg, of nonylphenol ethoxylate of the type 
marketed under the trade mark NONILFENOL® 9M OXffiTHDL® by 

30 UNION DERIVAN S A. 

This emulsifying system has an HLB of 7.2. 

STEPS -b- and -c-: PREMDONG, EMULSION FOKMATTON AND 
FRACTIONATION 

The 4 kg of emulsifying system ^re incorporated into the 164 kg of diesel 
35 fuel and this mixture is homogenized for a few minutes with the propeller agitator 
rotating at a speed of a few hundred rpm. During .agitation, the 2 kg of cetane 
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improver are added, the 30 kg of water being added just before the fractionation 
described below. 

The device used is the one shown in Figure 3. This device consists of: 

- a vessel I for containing a liquid 2 made up of all the constituents of the 
5 emulsion except for the water before fractionation, or made up of the stabilized 

emulsion at the end of fractionation, 

- fractionating means 3 stricto sensu, 

- and a water (W) feed circuit 4. 

' The vessel 1 is a conventional container which is fed continuously or 

1 0 discontinuous^ with eHeselJuel/emuLsifying system/additive premix. 

The fractionating means 3 consist of a static mixture 5 of the SMV - 
4DM20 type (5 mixing elements in series) marketed by SULZER. This mixer 
consists of a hollow cylinder having an inlet *nd an outlet for fluid and defining, 
inside the cylinder, a zig-zag path for the fluid, said path being created by several 

15 stages of transverse partitions provided with oblique slots forming channels for the 
passage of fluid. The outlet of the static mixer 5 is connected to a pipe 6 coming 
out inside the vessel 1 (means 6 of carrying the outflow into the vessel 1), while its 
inlet is connected to a pipe 7 equipped with a pump 8. The free end 9 of this pipe 7 
is immersed in the bath of premix or emulsion 2 contained in the vessel 1. 

20 Upstream and in the vicinity of the inlet of the pump 8, it is also connected to a 
water feed pipe 10, which, with the valve 11, forms the circuit 4 referred to above. 
This device is capable of ensuring a large pressure loss, at nominal flow rate, so as 
to cause dispersion of the emulsion. 

Fractionation by means of this device is effected in the following manner: 

25 After the vessel 1 has been filled with the diesel fael/BS/additive premise, the pump 8 
is switched on so as to cause fluid to circulate through the static mixer 5, The 
electrovalve 11 is then opened in order to ensure that water is fed hr-and iriixed with 
the DF/ES/A premix inside the pump 8, this mixture then being carried to the static 
mixer, where it undergoes the desired fractionation. The pressure of the fluid at the 

30 outlet of the pump 8 is 5 MPa. 

In the present Example, the 30 kg of water are introduced in about 1 iriin. 
The system operates in a loop to ensure fractionation for 30 min. This .gives 200 kg 
of emulsion corresponding to the characteristics of the invention. This emulsion is 
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whitish in color and has a kinematic viscosity of 6.2 mm 2 /s at 20°C 

TL2. EMULSION ACCORDING TO THE PROPORTIONS OF THE PRIOR ART 

(1:1:1 EMULSION) 

200 kg of emulsion are also prepared with 164 kg of diesel fuel, 4 kg of 
5 emulsifying system, 2 kg of additives consisting of magnesium oxide and toluene, 
and 30 kg of water. 

The proportions of SOKBITHOM* S06 ;: TILOL 163® : NONILEENOL® 
9M OXETHIL 0 are 1:1:1 rather than 3:2:1 as in section HI. above. This 
emulsifying system has an HLB of 8.7. 
10 The operating protocol employed is the one described in PCT patent 

application WO 93/18 117. 

THE 200 KG OF EMULSION THUS OBTAINED ARE WHITISH IN 
COLOR 

15 

EXAMPLE HI: STRUCTURAL AND FUNCTIONAL CHARACTERIZA- 
TTON OF EMULSIONS LI. AND L2. OF EXAMPLE I 

A - STABILITY 
20 1 -Microscopic observations 

Figures 1 and 2 attached clearly show the difference in size profile of the 

droplets of aqueous disperse phase. In the case of emulsion ILL, it is possible to 

observe a homogeneity in the diameter of the droplets with a maximum value of the 

order of 1 Jim, which establishes the monodispersion of ihe droplets. In contrast, 
25 the known water droplets of emulsion 1L2. show a very large size disparity with the 

majority of droplets having a size greater than 5 jim and an appreciable proportion 

of droplets having a size greater than 10 

2 - Stability tests during actual use on public transportiuses 

The buses used for these tests are type R3 12 Renault Vehicules Industriels® 
30 vehicles whose diesel fuel tank has its take-off at the lowest point so as to prevent 

the injection pump from being cut off In the event of braking, cornering or a 

gradient. 

A first bus is provided with 300 liters of the emulsion according to ILL and 
a second, comparative bus is provided with 300 liters of the emulsion according to 
35 TL2. 

Both buses perform an urban cycle of 100 km 
They are then rested for 48 hours. 



25 

The two buses are then restarted, both success&lly. However, after idling 
for 15 to 30 seconds, the comparative bus stalls, but this is not the case of the bus 
whose fuel is formed of the emulsion according to the invention. 

The stalling of the comparative bus is explained by the lack of stability of 
emulsion IL2., which has undergone dephasing due to settling under gravity during 
the 48-hour rest period. It follows that when fueTis drawn off at the bottom of the 
tank, large amounts of dephased water have been carried into the combustion 
chamber by the injection pump. These excessively large proportions of water cause 
the engine to stall irreversibly. 

Furthermore, one may also give consideration to the perturbations which 
emulsions IL2. (unstable, in contrast to emulsions ILL according to the invention) 
are capable of causing in the elements of the injection circuit of all diesel engines. 
Such circuits contain a filter with a cut-off of between 1 and 2 fim, corresponding 
to the operating clearance of the injection pump and the injector. 

In the case where water drops whose diameter is greater than or equal to the 
filtration cut-off are brought into contact with the filter, they will T>e unable to 
migrate, or will have difficulty in migrating, through the pores of the filter, so water 
will be retained and will accumulate in the body of the filter, which is particularly 
detrimental. In addition, undesirable obstruction and clogging of the filter could 
also occur. 

This phenomenon can be demonstrated ex situ by creating an emulsion 
circuit in a filter with a cut-off of 1-2 \m. Working at constant pressure, clogging 
can be assessed: 

- by measuring the pressure losses and the decreases "in flow Tate, 

- and by collecting, at the bottom of the filter, water or water-rich emulsion 
taking the form of large droplets. 

- It should be noted that the phenomenon of water freezing which may occur 
under winter driving conditions could only increase the risks and rate of clogging if 
emulsions according to the prior art, comprising water droplets whose d is greater 
than 5 fim, are employed rather than emulsions according to thelnvenfion. 

B* PROPERTIES OF THE WATER/DIESEL FUEL EMULSIONS DLL ACCOR- 
DING TO THE INVENTION IN THE RUNNING OF DIESEL ENGINES 
1 . RVI 3 1 2 BUSES WITH A DIRECT INJECTION DIESEL ENGINE 

A series of tests is carried out on the above-mentioned KVIR3 12 vehicles 
by subjecting them to a working cycle such as that shown in Figure 4, comprising, 
an idling phase R, an acceleration phase A, a full speed phase P (plateau) and a 
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deceleration phase D. The speeds vary from 500 rpm in phase R to 2200 rpm in 
phase P. The duration of the phases RAPD of the cycle is given on the graph. 
Under the test conditions, this cycle is repeated a few dozen times on the RVI 3 12 
vehicles. 

L L Measurement of the maximum opacity of the smoke during phase A 

This measurement is made with an (on-line) fUU flow opacimeter of the 
Tecbnotest 490 type. 

5 measurements are made with emulsion DLL according to the invention and 
with pure diesel fuel as control It should be noted that the diesel fuel employed to 
prepare the emulsion used is the same as the control diesel iiiel. 

The maximum opacity, expressed in m\ averages 3.51 for the pure diesel 
fuel and 1.22 for the emulsion according to the invention. 

This represents a 65% reduction in opacity in favor of the emulsion 
according to the invention. 

1.2. Mean content of invisible pollutant (NO and CO) and visible pollutant 
(smoke) 

(i) NO,: 

The measurements of this pollutant NO* were made by chemiluminescence 
with a COSMA analyzer. 

As above, five measurements are made on pure diesel fuel and on emulsion 
ELI. prepared from a diesel fuel of the same origin as the pure diesel fuel used as 
control. The following results are obtained: 

- pure diesel fuel: 266 vpm (parts per million by volume) 

- emulsion: 224 vpm . 
ie. a 16% reduction. 

(ii) CO: 

The analyses of this pollutant in the exhaust were made with a COSMA 
analyzer using infrared absorption. The conditions were the same as in (i). 
The following results are obtained: 

- diesel fuel: 475 vpm 

- emulsion: 216 vpm 
i.e. a 33% reduction in CO. 

(iii) Solid particles: 

The measurements of solid particles are made with a miniature dilution 
tunnel according to standardized method ISO 8178. 
The conditions are the same as above. 
The following results are obtained: 
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• pure diesel fuel: 45.6 mg/m 3 

- emulsion: 29,6 mg/m 3 

i.e. a 35% reduction in solid particles in favor of the emulsions according to the 
invention. 

5 2. PEUGEOT 106 - TYPE TUD5 INDIRECT INJECTION DIESEL ENGINE, 

ATMOSPHERIC VERSION 

Tests are carried out with the Peugeot 106 vehicles referred to above, 

according to protocols standardized in the European Union for the approval of 

vehicles, namely: ECE (urban cycle) and EUDC (suburban cycle - engine hot). 
10 The mean contents of pollutants axe measured under these test conditions. 

(i)NO: 

- diesel fuel: 0.64 g/km 

- emulsion ILL according to the invention: 0,54 g/km 
ie. a 16% reductioa 

15 (ii) unburnt hydrocarbons: 

These measurements are made with a heated flame ionization analyzer under 
the standard conditions defined by the ECE/EUDC standards. 
The following results are obtained: 

- pure diesel fuel: 0.08 g/km 
20 - emulsion: 0.07 g/km 

i.e. an 8.8% reduction, 
(iii) solid particles: 

- diesel fiiel: 0.04 g/km 

- emulsion ILL: 0.02 g/km 
25 i.e. a 46% reduction. 



EXAMPLE IV: PREPARATION AND CHARACTERIZATION OF A 
WATER/DIESEL FUEL EMULSION CONTAINING 35% BY WEIGHT OF 
WATER 
30 TV,!. PREPARATION 

The composition of the emulsion prepared is as follows: 

- 122 kg of diesel fuel, 

- 4 kg of emulsifying system of the 3:2:1 type according to Example ILL 
(2% of the emulsifying system), based on the total weight of the emulsion, 

35 - 4 kg of CI 0801 cetane improver from OCTEL, 

- 70 kg of water (35%). 

& ^^^Xl ^ e preparative protocol is the same as that given in Example BL1 . 
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IV.2. CHARACTERIZATION 

Effects are carried out on a test stand for a direct injection single-cylinder 
engine with a cubic capacity of the order of 500 cm 3 . 

The emulsion prepared in IV.1. is stable and has substantially the same size 
5 profile of aqueous droplets as the emulsion according to Example ELI. 

The speed imposed on the engine during the tests is 2250 rpm with a mean 
effective pressure of 8.4 MPa (full load). 

Measurements of polluting gases are made on the exhaust: 

(i) without recirculation of exhaust gases to the intake 

10 The methods of measurement are the same as those mentioned above. 

*NO x : 

- pure diesel fuel: 23.7 mg/s 

- emulsion IV.L: 11.0 mg/s 
ie. a 54% reduction. 

15 * smoke -BOSCH point 

- pure diesel fuel: 1.1 

- emulsion IV.L: 0.2 
ie. an 82% reduction. 

(ii) with 16.5% recirculation of exhaust gases to the intake 
20 * NO*: 

- pure diesel fuel: 7.95 mg/s 

- emulsion IV.L: 4.98 mg/s 
i.e. a 38% reduction. 

* smoke - BOSCH point 
25 - diesel fuel: 3.6 

- emulsion IV.L: 1.6 
i.e. a 55% reduction in smoke. 

A value of 3.6 is known to be unacceptable whereas a value of 1.6 Is 
completely tolerable. 
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CLAIMS: 

1. Improved fuel comprising an emulsion of water in at least one hydrocarbon, 
wherein 

— > this emulsion contains an emulsifying system comprising: 
5 A (I) at least one sorbitol ester of the general formula 

x v X X 
\ XcH— CH.-X (I) or \ ch CH — CHj — X < r > 

x. - * ■ . X 

in which: .- 

10 - the radicals X are identical to or different from one another and are 

each OH or R l COO-, where R l is a linear or branched, saturated or 
unsaturated, aliphatic hydrocarbon radical optionally substituted by 
hydroxyls and having from 7 to 22 carbon atoms, R 1 preferably being 
a fatty acid residue without a terminal carboxyl, 

15 this ester (I) having anHLB of between 1 and 9; 

A (II) at least one fatty acid ester of the general formula 

II w 

o 



20 in which: 

- R 2 is a linear or branched, saturated or unsaturated, aliphatic 
hydrocarbon radical optionally substituted by hydroxyl groups and 
having from 7 to 22 carbon atoms, R 2 preferably being a fatty acid 
residue without a terminal carboxyl, 

25 - R 3 bring a linear or branched C r C l0 alkylene, preferably C 2 -C 3 

alkylene, 

- n is an integer greater than or equal to 6 and preferably between 6 
and 30, and 
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- R 4 is H, linear or branched C r C| 0 alkyl or 



10 



0 

I! 

— OR 3 



where R 5 is as defined above for R 2 , 

this ester (II) preferably having an HLB greater than or equal to 9; 
and 

A (HO at jeast. one poh/alkoxylated alkylphenol of the general formula 



R 6 --(o)-o 4 R 7 -o^r 8 



in which: 

- R 6 is a linear or branched d-C2o alkyl, preferably C5-C20 alkyl, 

- m is an integer greater than or equal to 8 and preferably between 8 
IS and 15, and 

- R 7 and R* are respectively as defined above for R 3 and R 4 of formula 
(H), 

this ester (HI) preferably having an HLB of between 1 0 and 1 5; 
-> this emulsifying system has an overall HLB of between 6 and 8, 
20 preferably of between 6.5 and 7.5; 

-> and the emulsion is prepared in such a way that the mean size of the 
droplets of aqueous disperse phase is less than or equal to 3 fun, preferably 2 jirn 
and particularly preferably 1 Jim, with a standard deviation of less than 1 Jim. 

2. Fuel according to claim 1, wherein the emulsion comprises at 
25 least 5% by weight of water and in that the concentration of the emulsifying system 

relative to the total weight of the fuel is less than or equal to 3% by weight, 
preferably less than or equal to 2% by weight. 

3, Fuel according to claim 1 or claim 2, wherein the emulsifying 
system comprises the compounds (I), (II) and (HI) and in that the proportions of 

30 these compounds are as follows: 

(I) from 2.5 to 3 .5 parts by weight, preferably 3 parts by weight, 

(TO from .1.5 to 2.5 parts by weight, preferably 1.5 to 2 parts by weight, 
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(US) from 0.5 to 1.9 parts by weight, preferably 0.5 to 1 .5 parts by weight. 
4. Fuel according to any one of claims .1 to 3, characterized in that: 

(I) is selected from sorbitan oleates, sorbitan sesqutoleate being preferred, 

(II) is selected from polyethylene glycol (PEG) oleates and/or stearates 
5 and/or ricinoleates, preferably from those in which the PEG has a 

molecular weight less than or equal to 450, preferably of the order of 
300, 

(HI) is selected from polyethoxylated nonylphenols and/or octylphenols, 
polyethoxylated nonylphenols being particularly preferred. 
10 5, Fuel according tor claim 4, wherein the compound (II) of the 
emulsifying system is a mixture of polyethoxylated nonylphenols and preferably of 
two polyethoxylated nonylphenols having 9 and 12 ethylene oxide residues 
respectively. 

6. Emulsified fuel according to any one of claims 1 to 5, wherein 

15 the hydrocarbon is selected from the following group of products: diesel fuels, 
petrols, kerosenes, heating oils, synthetic engine fuels, esterified or non-esterified 
vegetable or animal oils, and mixtures thereof. 

7. Emulsified fuel according to any one of claims 1 to 6, wherein 

apart from the emulsifying system, it comprises additives consisting of one or more 
20 octane-improving compounds preferably selected from peroxides and/or nitrates 
and mixtures thereof. 

8. Emulsified fuel according to any one of claims 1 to 7, ♦ wherein it 
comprises the following additives: 

- at least one metal or alkaline earth metal catalyst for the postcombustion 
25 reaction of soots, said catalyst preferably being based on magnesium, calcium, 

barium, cerium, copper, iron or a mixture thereof; 

- optionally at least one biocide, preferably bactericide; 

- and optionally at least one antifreeze selected from glycols. 

9. Emulsified fuel according to any one of claims 1 to 8, including the 
30 following composition: 

- hydrocarbon(s) 50 to 99%, preferably 65 to 99%, 
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- water 0.1 to 50%, preferably I to 35%, 

- emulsifying system 0.05 to 5%, preferably 0, 1 to 3%, 

- additives 0.01 to 5%, preferably 0.05 to 2%. 

10. Fuel according to any one of claims 1 to 9, wherein it comprises 
5 at least one esterified or non-esterified vegetable oil and/or at least one extract 

thereof^ preferably at a rate of I to 60% by weight 

11. Additive composition for fuel, particularly engine fuel, wherein 
It comprises essentially: 

- the emulsifying system as defined in any one of claims 1 to 10, 

10 - and optionally at least one other additive preferably selected from the 

following products: cetane improvers, catalytic promoters of soot combustion, 
biocides, detergents, ammoniated compounds, antifreezes, esterified or non- 
esterified vegetable and animal oils, and mixtures thereof 

12. Method of preparing an emulsified fuel, wherein it consists 
15 essentially of the following steps carried out in a simultaneous or non-simultaneous 

manner 

-a- taking at least one hydrocarbon, water and an emulsifying system 
comprising: 

A (I) at least one sorbitol ester of the general formula 

20 

L^X-CH— CH.-X (D or t^X—CH— CH.-X < r > 

* H * k 

in which: 

- the radicals X are identical to or different from one another and are 
25 each OH or R^COO-, where R 1 is a linear or branched, saturated or 

unsaturated, aliphatic hydrocarbon radical optionally substituted by 

hydroxyls and having from 7 to 22 carbon atoms, R l preferably being a 

fatty acid residue without a terminal carboxyl, 

this ester (I) having an HLB of between 1 and 9; 
30 A (H) at least one fatty acid ester of the general formula 

r'-c-o-^r 4 (n) 
o 
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in which: 

- R 2 is a linear or branched, saturated or unsaturated, aliphatic hydro- 
carbon radical optionally substituted by hydroxyl groups and having 
from 7 to 22 carbon atoms, R 2 preferably being a fetty acid residue 
without a terminal carboxyl, 

- R 3 being a linear or branched Ci-do alkylene, preferably C2-C3 
alkylene, 

- n is an integer greater than or equal to 6 and preferably between 6 and 
3 0, and 

- R 4 is H, linear or branched Ci-Cip alkyl or 

0 



where R 5 is as defined above for R 2 , 

this ester (IT) preferably having an HLB greater than or equal to 9; • 
A OH) at !east one polyalkoxylated alkylphenol of the general formula 

R 6 — <^)— 0-f?R ? - 0 £R 8 

in which: 

- R fi is a linear or branched C1-C20 alkyl, preferably C5-C20 alkyl, 

- mis an integer greater than or equal to 8 and preferably between 8 and 
15, and 

- R 7 and R 8 are respectively denned as above for R 3 and R 4 of formula 
(H), 

this ester (HI) preferably having an HLB of between 10 and 15, 
this emulsifying system having an HLB of between 6 and 8, preferably 
of between 6.5 and 7.5; 
A and optionally other additives; 

mixing these constituents to form a water-in-oil emulsion; 
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- c -■ and fractionating the emulsion to reduce the size of the droplets of aqueous 
disperse phase to a mean size less than or equal to 3 |im, preferably 2 and 
particularly preferably 1 \im, with a standard deviation of less than 1 |im. 

13. Method according to claim 1 2, wherein the emulsifying system employed has the 
5 following composition: 

. (J) from 2.5 to 3.5 parts by weight, preferably 3 parts by weight, 

(II) from 1 .5 to 2.5 parts by weight, preferably 1 .5 to 2 parts by weight, 

(III) from 0.5 to 1.9 parts by weight, preferably 0.5 to 1.5 parts by weight. 

14. Method according to claim 12 or 1 3, wherein during step - c -, fractionating 

10 means are employed which are of the types comprising a sieve, a static mixer, a rotary 
mixer and an ultrasonic mixer. 

15. Device for carrying out the method according to any one of claims 1 0 to 1 4, 
wherein it comprises essentially: 

- at least one vessel capable of containing a hydrocarbon(s)/emulsijying 

15 system/additive(s) premix and/or the emulsion comprising all or part of the water which 
forms part of its constitution, 

- means of fractionating the emulsion, preferably consisting of at least one static 
mixer whose inlet is connected to a pipe, which is provided with at least one pump and 
whose .free end is intended to be immersed in the container of the vessel, the outlet of the 

20 mixer being connected to means of carrying the outflow into the vessel, 

- and a water feed circuit preferably comprising at least one pipe equipped with a 
valve and connected to the pipe upstream of the pump. 

16. A fuel as claimed in claim 1, substantially as herein described with reference to 
any one of the Examples and/or accompanying drawings but excluding any comparative 

25 examples. 

17. A method of preparing an emulsified fuel, substantially as herein described with 
reference to any one of the Examples and/or accompanying drawings but excluding any 
comparative examples. 

DATED this 23rd Day of March, 1999 
30 ELF ANT AR FRANCE 

Attorney: PAUL G. HARRISON 
Fellow Institute of Patent Attorneys of Australia 
of Baldwin Shelston Waters 
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